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Title - Analyzing the impact different teaching strategies on student learning outcomes for the
online graduate class Soil Chemistry & Mineralogy (AGRO/NRES/SOIL 455/855).
Abstract - In this portfolio teaching materials, activities, and assessments applied in a Soil
Chemistry & Mineralogy” online graduate class are analyzed towards their suitability to achieve
learning objectives and class goals. For this, data from class surveys, a decision matrix, and
individual student feedback are the main sources of information. The survey revealed that the
learning objectives are successfully addressed. Lecture videos, quizzes, exams, scientific paper
reading assignments, and a review paper assignment were evaluated to be suitable in achieving
these objectives. The developed matrix and individual student feedback suggest that the overall
student learning satisfaction would benefit from more activities that center on working on applied
problems and thinking questions in groups. Especially weekly zoom meetings but also group
assignments could be used to provide more opportunities for interactive learning in an online
environment. Based on the identified need to increase overall student satisfaction due to more
interactive group work on applied problems it is concluded that the class goal of better enable
students to contribute to propose and implement solutions to complex problems by working in
teams is less successfully achieved. Here, dedicating more time towards activities that center on
solving applied problems or discussion thinking questions will be beneficial. This will also help in
better achievement of the class goal that centers on improved demonstration of problem solving
based on the sciences in their area of study. Strengthening the strengths and improvements of
specific components should help in maximizing the learning outcome for future students in this
class.
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Memo 1 - Objectives of Peer Review Course Portfolio and Description of the Course
Objectives for this portfolio - The portfolio will provide a general class overview with specific
focus on teaching activities and assessments aimed at strengthen community building and
learning success in an online only environment and on class surveys that deliver the qualitative
and quantitative basis for course success evaluation. The portfolio will be part in ongoing efforts
to extend and improve the departmental offer in online classes for graduate students interested
in soil science. I am especially interested in documenting the improvement of my online teaching
skills. I will use the portfolio as a guideline for further online course improvement and development
and I am planning to include the portfolio into my tenure application package.
General description of the course - The general topic for this class is soil chemistry and soil
mineralogy. In four modules the “Soil Chemistry & Mineralogy” class (AGRO/NRES/SOIL
455/855) covers i) thermo-dynamics and kinetics in soil mineral processes, ii) chemical processes
in the soil solution, iii) soil acidity and dynamics of cation and anion exchange, and iv) redox
processes and organic matter dynamics in soil. The students who enroll in this class are graduate
students or third to fourth year undergraduate students. Anticipated enrollment over for the next
years are between 10 and 15 students. Major areas of study or research the enrolled students
are engaged in encompass natural resource science, agronomy and horticulture, environmental
restoration science, environmental or ecological engineering, and plant health.
The department of Agronomy and Horticulture offers soil science classes from level 100 to
900. The undergraduate soil science classes focus on general introductory contents as well as
on soil nutrient management and urban soil science. At the graduate level, more specific and
advanced content is covered in areas of soil physics, soil microbiology, and soil carbon and
nitrogen dynamics. In addition to these courses, the soil chemistry and mineralogy class provides
content, which is fundamental for a more holistic understanding of soil processes and their impact
on soil functioning and soil ecosystem services. Beside the Department of Agronomy and
Horticulture, the class can be valuable for students from the School of Natural Resources (SNR)
or Biological Systems Engineering (BSE). In SNR, soil scientific aspects are taught in several
classes with a stronger focus on soil environmental stewardship and soil resilience and in BSE
soil scientific aspects are part of classes teaching digital agriculture or ecological engineering.
The soil chemistry and mineralogy class can provide here more fundamental understanding of
soil chemical processes that are critical for efficient soil protection, soil remediation, soil
productivity and soil engineering. The class builds on knowledge that students gained in “Soil
Resources” (AGRO 153) and provides knowledge that can help in better understanding of content
delivered in “Soil Carbon and Nitrogen Dynamics” (AGRO 985), “Plant Nutrition and Nutrient
Management” (AGRO 824), and “Soils, Water, and Environmental Chemistry” (NRES 851).
Course goals and objectives - A curriculum review of the graduate program in the “Soil & Water
Specialization” across different departments identified following student learning outcomes: a)
explain and integrate soil chemical, biological, physical, and pedogenetic concepts and methods
to identify and quantify their impact on soil management and agro-ecosystem services, b)
integrate concepts of water quantity and quality as a reflection of land management, mineralogy,

and chemical as well as biological processes and of water movement, storage, and supply across
terrestrial and aquatic ecosystems in agricultural landscape, and c) gain and integrate knowledge
of soil and water required to select, design, and implement holistic soil-water-plant management
strategies that ensure efficient and sustainable productivity of biodiverse agro-ecosystems and
long-term protection of natural soil resources. The content covered in the “Soil Chemistry &
Mineralogy” class is addressing student learning outcomes summarized under point a).
In alignment with the departmental expectations for graduate student education and learning
outcomes, the overarching course goals of this class are the improvement of the student’s ability
to solve problems based on the sciences unifying their areas of study, to acquire scientifically
derived information and to assess its reliability, to communicate gleaned knowledge in oral or
written reports, and contribute to propose and implement solutions to complex problems by
working in teams. The course is designed to improve understanding of major concepts and
processes in soil chemistry and how soil chemical processes affect soil functions. Furthermore,
this class aims to deliver a better understanding of interactions between soil organic and soil
inorganic compounds and how this is related to applied soil chemical problems such as
mobilization and immobilization of contaminants and nutrients. More specifically, the activities and
content are designed to improve the understanding of the principles of thermodynamics and
kinetics in soil mineral processes, of chemical processes in the soil solution, of soil acidity and
dynamics of cation and anion exchange, of reduction and oxidation processes, and of organic
matter dynamics in soil. Such knowledge is critical for a more sustainable usage of soil resources,
the protection of the resource soil, and better understanding of soil ecosystem functioning.
Anticipated outcome - In a perfect outcome, the students would leave the class a) more aware
of their skills, strengths, and areas to improve, b) with a positive learning experience independent
from their grade, c) being more confident about their future career plans, d) able to integrate their
gained soil chemical and soil mineralogical knowledge in solving applied problems. As an online
class for graduate students, I consider the achievement of the outlined goals as critical for their
future professional careers. Independent if the students will proceed, for example, a career in
higher education and research or in the private agricultural business/industry sector, skills in
problem solving, in assessing the reliability of information, in communication and evaluation of
gained knowledge, and in working in teams will be important for a successful job performance.
To achieve the outlined goals, this class includes interactive group activities such as the
presentation and discussion of scientific papers, interpretation and discussion of research results,
and to develop strategies to solve problems in applied case studies.
Memo 2 - Teaching Methods/Course Materials/Course Activities
Teaching methods - The class Soil Chemistry & Mineralogy has been taught for the first time
online only in the spring semester of 2021 and was delivered beforehand as an in person class.
The online only class has been taught asynchronously with recorded lectures but offered different
interactive learning activities to foster community building among the enrolled students. The
decision to change the delivery form for this class from in person into online only was made prepandemic because of the increased demand for online graduate soil science classes at UNL.

Given the goals of increasing university reach and accessibility, designing online courses, which
provide students with both the academic rigor course materials required while building community
through repeated interaction, seems imperative.
The teaching methods for this online only class include recorded voice over slides lectures,
zoom meetings with questions and discussion about lecture content, interactive discussions in
Canvas, and zoom meetings with presentation and discussion of group work, which is the
presentation of an evaluation of a scientific publication. The recorded lecture videos and the zoom
meetings to discuss lecture content are part of each week’s teaching activities. An individual
lecture video does not exceed 20 minutes running time and the weekly class content is delivered
within two to six lecture videos. For selected class topics, a second set of voice over slides lecture
videos that has been recorded by a graduate teaching assistant is used to provide an additional
explanatory approach for the students. All power point slides used within the recorded videos are
available via Canvas. Interactive discussions of applied soil chemical problems via Canvas are
assigned at least twice in the semester. The presentation and discussion of group work that
centers on the evaluation of scientific publications is used three times per semester. The in person
contact time for this online only class is one hour per week via zoom at the end of each of the
fifteen course weeks. The participation in these zoom meetings is voluntarily for the students
except for the oral presentations of their group work, which can also be delivered in recorded form
because some of the students are working regularly hours during the entire week. The students
are also using this zoom meeting time to discuss more specific soil chemical problems associated
with their graduate research projects. All zoom meetings are recorded and posted via Canvas to
ensure the accessibility of the content to all students.
The overarching goals of this class are A - Demonstrate problem solving based on the
sciences in their area of study, B - Acquire scientifically derived information and assess its
reliability, C - Communicate gleaned knowledge in oral or written forms, and D - Propose and
implement solutions to complex problems by working in teams. The recorded voice over slides
lectures deliver the content to achieve course goal B. The zoom meetings with questions and
discussion about lecture content contribute to achieve course goals B and C. The interactive
discussions in Canvas are useful to achieve goals A and C, and the zoom meetings with
presentation and discussion of student group work contribute to goals A, B, C, and D. The
teaching activities are aligned with certain assessment tools where student success is measured
via four exams and four to five quizzes for their acquired knowledge from lecture content. Three
writing assignments aligned with an oral presentation of the main outcomes are designed to
evaluate to which degree the students are able to extract information from scientific publications
and to assess their credibility and usefulness. Two interactive Canvas discussion assignments
are included to assess the ability of students in analyzing and solving more complex soil chemical
problems. One literature review assignment at the end of the class is used to assess the ability of
students to contextualize and summarize specific soil chemical problems using recent
publications.
In class and out of class activities - Being an online only class, I consider the recorded lectures
and the weekly zoom meeting as in class activities. The group work in evaluating scientific
publications and preparing group presentations and the interactive online discussions are

considered as outside of class activities. The recorded lectures are a way to provide online
students with enough individual flexibility to study most efficiently the main content of the class.
Interactive discussions are designed to provide an opportunity for the students to apply and use
the gained knowledge in solving some thinking questions. The weekly zoom meetings are used
to create an interactive class environment and to foster community building in an online learning
environment. Each of the activities is designed to deepen the knowledge and understanding of
class content. At the end of the class, my expectations are that the students are confident in
explaining, analyzing or applying soil chemical knowledge in professional settings.
Course materials - Materials used in this class are one textbook, recorded lecture videos, slides
used in the recorded videos, and scientific publications, which are complemented by additional
information about specific soil chemical methods that are not explained specifically in class. The
materials provide content, explanation of content, application of content, and evaluation of
content. Slides and lecture videos should be used to gather and understand the main content of
the class. The textbook explains certain aspects in more detail and provides also broader
overview of not covered content in the area of study. The scientific publications demonstrate the
relevance of the gained knowledge in scientifically analyzing and solving soil chemical and soil
mineralogical problems. The students should use the recorded videos and provided slides as their
main source of information. The textbook can be used to dive deeper in specific aspects but also
to broaden their view on topics that are not covered in class. The scientific papers that are going
to be analyzed should be used as “training tools” where gained knowledge from lectures and
slides is applied to understand the background of the paper and to assess the credibility and
reasonability of utilized methods and provided outcomes.
Choice of methods - A growing understanding of the limitations of traditional, in-person,
instructor-focused, passive lecture environments has spurred an increased interest in alternative
pedagogical strategies. The limitations of traditional pedagogical strategies can be traced to
exposition-centered instruction as opposed to constructivist strategies, which encourage students
to construct their own knowledge (Bonwell and Eison, 1991). Furthermore, the advancement of
web-based education technology and the need to reach distant student populations has prompted
universities to enhance their online education platforms. Teaching using online tools is not a new
concept (Moore and Kearsley, 2011) and several studies have assessed how students and
instructors experience online learning and teaching, respectively, especially in comparison to
traditional approaches. Fewer studies have reported how teaching soil science online influences
learning while maintaining a sense of community, especially at the graduate level. Additionally,
Jelinski et al. (2019) assessed the status of soil science instruction in the US between 2016 and
2017 by sharing a 68-question online survey with 79 institutions, of which 38 self-reported they
were land grant universities. Only 8% of those institutions reported an online-only strategy for
their soil science courses, and the predominant audience of those online courses were
undergraduate students (79%) compared to graduate students (22%), underlying the need for
graduate level soil science courses and for studies assessing their efficacy.
The above documented gap in online only graduate soil science classes across the US is
mirrored in the perceived increased demand of such classes at UNL. This perception was derived

from discussions with students, colleagues, and within curriculum committees, which became
even more urgent due to the challenges of the Corona 19 pandemic. The chosen methods and
activities for this online only class were selected and developed to ensure individual learning
flexibility and to foster teamwork and class community building. In summary, recorded voice over
slides lectures is the main resource for the students to acquire scientifically derived knowledge in
soil chemistry and mineralogy. For this, tests and quizzes are designed to measure the success
in acquiring such knowledge. The zoom meetings with presentations of group work that centers
on the evaluation of scientific publications contribute to develop skills in proposing and
implementing solutions to complex problems by working in teams, to communicate gleaned
knowledge in oral forms, and to assess the reliability of scientifically derived information. The
writing assignments are designed to measure the success in applying gleaned knowledge to
evaluate the credibility of scientific publications, to use reliable scientific publications to solve
problems, and to communicate gleaned knowledge in written forms. The interactive discussions
in canvas are designed to use soil chemical and mineralogical knowledge to explain or solve
selected real world soil chemical problems. The targeted improvement in the ability of students to
work in teams, presenting results and discussing complex problems or verifying the credibility of
provided information is beneficial for graduate classes in general but also for success in
professional careers. In this context, a curriculum review of the graduate program in the “Soil &
Water Specialization” across different departments identified among others the following student
learning outcome: explain and integrate soil chemical, biological, physical, and pedogenic
concepts and methods to identify and quantify their impact on soil management and agroecosystem services. This online only class provides here critical knowledge to use soil chemical
basics, principles, characteristics, processes, and concepts in guiding proper soil management
decisions delivered for domestic and distance learning students.
Memo 3 - Analysis of Student Learning
Course survey - Activities, Objectives, Materials, and Online Class Community - An
anonymous survey at the end of the class was used to assess i) how helpful this online only
course has been to the student’s ability to meet specific course objectives, ii) how helpful has
each course component been to achieve the specific objectives listed, and iii) how helpful were
the course components to build a classroom community, among further aspects of this class. The
class survey was conducted in 2021 and 2022. In 2021, 9 students out of 11 students participated
in the survey and in 2022, 7 students out of 11 students participated, which reflects an overall
student participation of 73%. The data reported are aggregated for both years. Individual
statements or comments from students will be specified with the year the survey has been taken.
Scaled answer options included i) very helpful, somewhat helpful-in 2021/helpful-in 2022, neither
helpful nor unhelpful, unhelpful, very unhelpful or ii) strongly agree, agree, neutral, disagree,
strongly disagree.
Between 75% and 88% of the students who participated in this survey agreed or strongly
agreed to the following statements: i) I have always been interested in soils and/or related
environmental subjects, ii) I found the topics studied in this course to be of interest to me
personally, iii) I found the topics studied in this course to be applicable to my academic or

professional field, and iv) the topics studied in this course were appropriate for my needs in an
upper level soils course. Fewer students (63-69%) agreed or strongly agreed to the statement: I
am satisfied with the amount of learning that I obtained from this course.
The survey revealed that 75-85% of the students evaluated the course to be somewhat
helpful/helpful or very helpful to meet the following specific class learning objectives of an
improved understanding in: i) thermodynamics and kinetics in soil mineral processes, ii) chemical
processes in the soil solution, iii) soil acidity and ion exchange, iv) soil redox processes, and v)
soil organic matter dynamics. The lowest rating was revealed for objective ii) and the highest
rating for objectives i), iii), and v). To achieve these objectives, 81-100% evaluated lecture videos
and slides, quizzes, exams, scientific paper reading assignments, and the review paper
assignment to be somewhat helpful/helpful or very helpful. The textbook, zoom meetings, and
interactive Canvas discussions were evaluated by 50-56% of the students to be somewhat
helpful/helpful or very helpful.
To build a community in an online class, 88% of found the class Kick-Off zoom meeting to be
somewhat helpful/helpful or very helpful. The weekly zoom meetings for questions and discussion
as well as for the oral presentation of the group work were considered to be somewhat
helpful/helpful or very helpful by 63-69% of the students.
Out of the 16 students who participated in the survey, 81% agreed or strongly agreed that i)
the professor was readily available to answer questions via email and ii) that the quality of this
online course was appropriate for a graduate level course. Only 31% to 44% agreed or strongly
agreed that the i) meeting with the professor via Zoom meetings helped me succeed in this online
course and ii) that the student was able to get to know their peers in this online course.
Decision matrix and student feedback - Course goals - To analyze if and how the four
overarching class goals (demonstrate problem solving based on the sciences in their area of
study, acquire scientifically derived information and assess its reliability, communicate gleaned
knowledge in oral or written forms, and propose and implement solutions to complex problems by
working in teams) are achieved, a four step process was used as outlined in Figures 1 and 2 (i.e.,
matrix to analyze class goal achievement). Here, each of the four goals is aligned to specific
teaching activities, graded assessments, evaluations, and potential improvements. For
quantitative and/or qualitative evaluation of successful goal achievement, class survey data,
assignment grades from Canvas, and individual student feedback were used.
Figure 1 shows the matrix to analyze the achievement of goal A - Demonstrate problem
solving based on the sciences in their area of study and of goal B - Acquire scientifically derived
information and assess its reliability. For goal A, the example given for the graded assessment
(i.e., Exam 1 - Thinking Question) and respective evaluation data extracted from Canvas reflects
a typical outcome for problem solving thinking questions included in the exams showing that less
than 40% of students score in the top 27%. As outlined in Figure 1, an improvement could be
achieved by discussing applied problems and thinking questions during the weekly zoom
meetings. This is also reflected in two student feedbacks that were provided within the class
survey: “I would have liked to see a few more examples on how to apply some of these concepts
to better prepare us for the types of questions we would see on exams.” and “I would like some
pre-questions going into the exams, as I feel like I was caught a little off guard each time with the

extent of the answers needed to answer the questions, and those pre-questions could make good
class discussions on zoom; discussions on canvas seemed impersonal to me.”
GOAL

A - Demonstrate problem solving based
on the sciences in their area of study.

B - Acquire scientifically derived information
and to assess its reliability.

ACTIVITY

Lecture Videos - Voice over Slide

Evaluation of Scientific Papers and Group
Presentation of Scientific Paper Evaluation

ASSESSMENT

Exam 1 - Thinking Question

Writing Assignment - Paper (three in total)

Year 2021

Average Score (points out of 100): 2021 - 92, 90,
85; 2022 - 80, 85, 93.

Year 2022

Student Feedback 1 (2021) - “Provide background on the
paper ... Many students do not have a soil chemistry
background (…) and this discipline has so many specific
words that student have no clue on their meaning …”
Student Feedback 2 (2021) - “The papers were great
supplemental aides and it was helpful to see what we were
learning in lecture in an actual scholarly article.”
Student Feedback 3 (2022) - “… choice of readings for the
written assignments was also good. Would have been nice
to have one reading assignment for the organic matter unit,
even if as an ungraded exercise.”

Weekly zoom meetings - Per week one thinking
question discussed first in break out groups and
then with all participants.

Providing additional/supplemental slides and information
for each paper and include one additional paper for the
organic matter unit.

EVALUATION

IMPROVEMENT

Figure 1: Descriptive model to analyze the achievement of class goals A and B.

To achieve goal B, the matrix indicates that the writing assignment where students need to
evaluate scientific papers, which is complemented by an oral presentation of their evaluation, is
a useful tool. This conclusion is based on high average scoring and in general positive student
feedback. Improvements should be centered on additional papers and more specific information
about methods and terminology used in the papers.
Figure 2 shows the outcome for goal C - Communicate gleaned knowledge in oral or written
forms and D - Propose and implement solutions to complex problems by working in teams. For
achievement of goal C (Figure 2), the aligned review paper writing assignment was analyzed. The
evaluation shows scores between 70 and 100% for 2021 to 2022 with average scores of 87% in
2021 and 89% in 2022 suggesting a high success rate of students in this assessment, which is
taken as an indication towards achievement of goal C. The grading of the review papers showed
that especially the summary and the structure of most papers need improvement, which can be
addressed by providing well drafted examples and additional guidelines to be included in the
lecture videos and discussed in the zoom meetings.
For goal D, the matrix revealed that the class does not include an aligned graded assessment,
which could be used to measure success towards achieving this goal. The class survey as well
as individual student feedback suggest that interactive group work on solving applied soil
chemical problems needs to be strengthened and is a key component to improve overall learning
satisfaction. Based on that, goal D will be revised into “Maximize learning satisfaction in an online
class by interactively working in teams on solving applied problems”. For the next class in spring
of 2023, the interactive group work will be of stronger focus within the weekly zoom meetings and

will be strengthened by including a graded interactive class project. These components are also
expected to be beneficial for fostering a sense of community in an online learning environment.
GOAL

C - Communicate gleaned knowledge in oral or written reports.

D - Contribute to propose and implement solutions to
complex problems by working in teams.

Group Presentation of Scientific Paper Evaluation

ACTIVITY

Lecture Videos - Voice over Slide
Evaluation of Scientific Papers
and
Group
Presentation
of
Scientific Paper Evaluation

ASSESSMENT

Review Paper

No Graded Assessment

Year 2021 - Scores (100 points
maximum): 70-100, average: 87
EVALUATION
Year 2022 - Scores (100 points
maximum): 80-100, average: 89

IMPROVEMENT

Providing examples of especially well
drafted paper summaries and for
outlining a paper structure that helps to
follow the flow of arguments.

Class Survey (2021-2022) - Only 63-69% of students agreed or
strongly agreed to the statement: I am satisfied with the amount of
learning that I obtained from this course.
Student Feedback 2 (2022) - “I feel like I could have learned more,
if there were more activities and group discussions via zoom, etc. I
think more group assignments or activities paired with other
students would be helpful for gaining that [online class] community
feel. This [activity] was the most helpful, as I got to interact with 3 of
my classmates.

The Goal as stated above will be rephrased into “Maximize
learning satisfaction in an online class by interactively working in
teams on solving applied problems”. Group work on applied
problems within zoom meetings and an graded assignment.

Figure 2: Descriptive model to analyze the achievement of class goals C and D.

Class Summary
The Soil Chemistry & Mineralogy” class (AGRO 455/855) delivered in an asynchronous online
format since 2021 was mainly analyzed in this portfolio based on class surveys taken in 2021 and
2022, on a matrix where the achievement of class goals were analyzed based on class
components specifically aligned with the individual goals, and on individual student feedback.
Class components are considered as successful within this graduate online class if 75% or
more of the students who participated in the surveys (73% in total) responded with “agreed” or
“strongly agreed” or with “somewhat helpful/helpful” or “very helpful” to questions/statements in
the survey. Based on that, as a first more general survey outcome, the topics covered in this class
were of personal interest to the students, were applicable to their academic or professional field,
and were appropriate for their needs in an upper level soils course.
The class successfully addressed specific learning objectives by improving the understanding
in thermodynamics and kinetics in soil mineral processes, soil acidity and ion exchange, and soil
organic matter dynamics, which were rated highest, followed by soil redox processes and
chemical processes in the soil solution. To achieve these objectives, lecture videos and slides,
quizzes, exams, scientific paper reading assignments, and the review paper assignment were
evaluated to be suitable. Especially the additional set of lecture videos recorded by a graduate
teaching assistant as a second explanatory approach on selected topics were perceived as
valuable. This is indicated by individual student feedback such as “Having another instructor
explaining the same concept from a different angle helped me retain the materials.”, “I appreciated

the additional videos for clarification on specific topics.”, “Really liked the additional videos like on
acidity and pka.” and “Really liked the additional lecture slides from Salvador Ramirez, it helped
to have extra material on those topics.”
Based on the matrix developed for this portfolio that aligns a specific class goal with teaching
activities, assessments, an evaluation of success, and potential improvements, the achievement
of class goals were analyzed. The matrix suggests that the class especially achieves the goals to
improve the ability of students to acquire scientifically derived information and to assess its
reliability and to communicate gleaned knowledge in oral or written forms.
Class components that need improvement include the overall satisfaction of the amount of
learning that students obtained from this course, which mainly resulted from too less interactive
learning opportunities such as discussions of thinking questions with a group of peers as well as
with the entire class as pointed out in individual student feedbacks. Such feedbacks also revealed
that the student learning satisfaction would further benefit from more assignments that center on
working on applied problems in groups with feedbacks from other students and the teacher.
Especially the weekly zoom meetings but also group assignments and the Canvas discussion
board are formats that could be used to provide more opportunities for interactive learning in an
online environment.
The matrix to analyze the achievement of class goals revealed that the class does not include
a graded assessment aligned to the class goal to enable students to propose and implement
solutions to complex problems by working in teams. In this case, a measure of successful
achievement is more difficult. However, based on the identified need to outline a strategy to
increase overall student satisfaction in the amount of learning due to more interactive work in
teams or groups on applied problems, I am concluding that this class goal was less successfully
achieved. Dedicating more time towards activities that center on solving applied problems or
discussion thinking questions will also be beneficial in better achievement of class goal A Demonstrate problem solving based on the sciences in their area of study would.
Class changes in the planning include learning activities, assessments, and goal description. I
am planning to provide additional materials that will be beneficial for the writing assignments that
focus on the evaluation of scientific publications and on a literature review on selected soil
chemical/mineralogical problems. The interactive group work will be significantly increased by
working on applied problems and thinking questions, which will be complemented by at least one
graded assessment. For increased interactive group work in this online class, the weekly zoom
meetings will be used but I am planning as well to foster interactive work by at least one graded
assessment that will require interactive group work mainly organized, guided, and led by students.
The class goal to enable students “to propose and implement solutions to complex problems
by working in teams will be revised into “maximize learning satisfaction in an online class by
interactively working in teams on solving applied problems”. This revised class goal will be aligned
with respective teaching activities and a graded assessment, which will help to determine more
accurately if the goal was successfully achieved. The survey taken by the students in 2021 and
2022 without being changed will be revised and extended. I am planning here to gather additional

information from students towards their perception about the achievement of the four overarching
class goals.
Writing this portfolio within the FIRST project helped me to identify core strengths of the Soil
Chemistry & Mineralogy” class (AGRO 455/855) delivered in an asynchronous online format as
well as to identify areas that need improvement. Both strengthening the strengths and specifically
targeted improvements of less successful components should help in maximizing the learning
outcome for students enrolling in this class in future years. The portfolio or parts of the portfolio
will also be used as blue prints for the evaluation and analysis of other classes that I am teaching
in alternative formats such as hybrid or in person. In the next step, I am planning to use elements
of this portfolio to draft a manuscript for publication in a peer-reviewed journal about assessment
of teaching strategies applied in a graduate online class in soil science.
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Appendix
Syllabus - Soil Chemistry and Mineralogy - Spring 2022
COURSE:

AGRO/NRES/SOIL 455/855
Soil Chemistry and Mineralogy
Three Credit Hours

INSTRUCTOR:

Michael Kaiser
279I Plant Science Hall
402-472-6492 (office)
e-mail: mkaiser6@unl.edu

OFFICE HOURS:

By appointment

MODE OF DELIVERY:

Online only, asynchronously

COURSE DESCRIPTION:
This online only class is designed for upper level undergraduate and graduate students
and is cross-listed with AGRO 855, NRES 455, NRES 855, SOIL 455. Prerequisites are
AGRO/HORT/SOIL 153 or GEOL 101, CHEM 109 and 110, CHEM 221 or 251 or
equivalent. The class deals with chemical and mineralogical properties of soil
components, the inorganic colloidal fraction, structures of soil minerals as means of
understanding properties such as ion exchange and equilibria, release and supply of
nutrient and toxic materials, and soil acidity and alkalinity, and with forms and functions of
organic matter in soil.
COURSE GOALS AND OBJECTIVES:
1) Goals - The overarching course goals center around the improvement of the student’s
ability to solve problems based on the sciences unifying their areas of study, to acquire
scientifically derived information and to assess its reliability, to communicate gleaned
knowledge in oral or written reports, and contribute to propose and implement
solutions to complex problems by working in teams.
2) Objectives - The course is designed to improve understanding of major concepts and
processes in soil chemistry and how soil chemical processes affect soil functions.
Furthermore, this class aims to deliver a better understanding of interactions between
soil organic and soil inorganic compounds and how this is related to applied soil
chemical problems such as mobilization and immobilization of contaminants and
nutrients. More specifically, the activities and content are designed to improve the
understanding of the principles of thermodynamics and kinetics in soil mineral
processes, of chemical processes in the soil solution, of soil acidity and dynamics of
cation and anion exchange, of reduction and oxidation processes, and of organic
matter dynamics in soil.
REQUIRED TEXTS AND MATERIALS
1) Sparks, Donald L. 2003. Environmental soil chemistry, 2nd ed. Academic Press. San
Diego, CA.
TECHNICAL REQUISTES

PC or Laptop/Notebook, Internet Access, all material will be available via CANVAS,
Software: Windows package, cellphone with camera/scanner.
ZOOM MEETINGS
Zoom meetings (one kick off meeting and weekly meetings on Friday at 1 pm) are not
mandatory and will be recorded and made available via Canvas. The meetings can be
used for questions and discussions and will be used for reminders and oral presentations
as part of the reading assignments. The oral presentations can also be pre-recorded.
COURSE ASSIGNMENTS, DUE DATES, AND GRADING
1) This class includes interactive group activities such as i) the presentation and
discussion of scientific papers, ii) interpretation and discussion of research results, and
iii) develop strategies to solve problems in applied case studies.
2) Graded assessments/activities will include four exams (40% of the grade), five
quizzes (10% of the grade), three reading assignments (20% of the grade), one
review paper assignment (20% of the grade) see point 3, and two to four graded
discussions in Canvas (10% of the grade).
3) Graduate students will have to write a review paper. I will provide five topics from
which the students can choose. The due date for the review paper will be the end of
week 12. The grading rubric will focus on i) logical development of ideas, ii) use of
scientific literature to support ideas, iii) summary to produce a cohesive statement,
iv) use of supporting materials (graphs, tables, etc.), and v) and proper use of
citations.
4) Exam dates, deadlines, and due dates will be announced 2 weeks in advance. All due
dates will be posted in the course calendar. You will receive weekly reminders
during zoom meetings.
Grading scale (rounded to the nearest whole point):
A
AB+
B
BC+

93-100
90-92
87-89
83-86
80-82
77-79

C
CD+
D
DF

73-76
70-72
67-69
63-66
60-62
< 60

COURSE SCHEDULE AND ORGANIZATION
Modules
Module 1 Thermodynamics and
kinetics in
soil mineral
processes
(Week 1-4,
Day 1-11)

Module
Objectives

Assessments

Perform
calculations
involving solution
and soil
concentrations.

One or two graded
quizzes aligned to
Objectives of
Module 1 (mainly
recall of facts).

Apply principles of
thermodynamics
and kinetics to soil
processes.

Graded
discussion in
Canvas aligned to
Objectives of
Module 1.

Activities and assignments
(aligned assessments) and
form of content delivery
Kick off Zoom meeting
Meeting
with the entire
class for 50 min
- Introduction
into course
structure and
soil chemistry.
Lecture
Recorded voice
(Exam and
over slides
Quizzes)
videos.

Materials
Text books
required
throughout the
entire class
1) Sparks, Donald
L. 2003.
Environmental soil
chemistry, 2nd ed.
Academic Press.
San Diego, CA.

Describe and
differentiate among
common types of
clay minerals (layer
silicates) and
sesquioxides.
Use Pauling's First
Rule to explain the
structural features
of common soil
minerals.
Predict and explain
transformations
among soil
minerals.

Module 2 Chemical
processes in
the soil
solution
(Week 5 to 8,
Day 12-24)

Define all terms in
the Debye-Hückel
and Davies
equations and use
those equations to
calculate ion
activity coefficients
and activities.
Describe the
sources,
magnitudes, and
changes in pHdependent charge
on clay minerals,
sesquioxides, and
organic matter.
Define pKa and use
pKa values to
predict the effect of
pH on the charge of
soil materials.
Explain
exchangeable
cation preference
both qualitatively
and quantitatively
using Coulomb’s
Law and cation
exchange
coefficients.

One graded
scientific paper
reading
assignment and
a not graded oral
presentation and
discussion of this
paper by the first
group of 2-4
students (each
student will
present in a group
during the
semester).
One graded exam
aligned to
Objectives of
Module 1 (mainly
application of
knowledge).

One or two graded
quizzes aligned to
Objectives of
Module 2 (mainly
recall of facts).

Interactive
discussion
of assigned
problems
(Discussion)

Reading
assignment
presented to
the class
(Scientific
paper
reading
assessment)
Questions
and More
(Exam)

Zoom meeting
with the entire
class and oral
presentation of
one assigned
group.

Lecture
(Exam and
Quizzes)

Recorded voice
over slides
videos.

2) Dixon, J. B. and
D. G. Schulze
(eds.). 2002. Soil
mineralogy with
environmental
applications. Soil
Science Society of
America, Madison,
WI.
(https://acsess.onli
nelibrary.wiley.co
m/doi/book/10.213
6/sssabookser7)
Burras et al.
1996. Origin and
properties of
smectite in loessderived soils of
western Ohio.
SSSAJ 60, 19611968.

Zoom meeting
with entire class
at the end of
each week to
discuss
problems and
questions.

2-6 videos per
week with 10-20
min lengths.

One graded
scientific paper
reading
assignment and
a not graded oral
presentation and
discussion of this
paper by the
second group of
students.
Graded exam
aligned to
Objectives of
Module 2 (mainly
application of
knowledge).

2-6 videos per
week with 10-20
min lengths.
Introduced and
explained in
zoom meeting.
Discussion
takes place in
Canvas.

Reading
assignment
presented to
the class
(Scientific
paper
reading
assessment)

Zoom meeting
with the entire
class and oral
presentation of
one assigned
group.

Anghel et al.
2002. Lithium
sorption to Yucca
Mountain tuffs.
Appl. Geochem.
17, 819-824.

Module 3 Soil acidity
and dynamics
of action and
anion
exchange
(Week 9-12,
Day 25-36)

Differentiate among
the Helmholtz,
Gouy-Chapman,
and Stern models
of the electrical
double layer.
List the factors
affecting the
electrical double
layer and ion
distribution in it.
Explain the
theoretical basis
and limitations of
SAR.
Define and
calculate SAR
given appropriate
data.
Calculate solubility
product or ion
activity product
from the
composition of soil
solution. Predict
dissolution or
precipitation of soil
solids based on
these quantities.
Identify sources of
acidity affecting the
soil.

Describe the roles
of H and Al in
determining and
responding to soil
acidity.

Use chemical
equations to
describe the
carbonate/bicarbon
ate equilibrium in
soil.
Differentiate the
behaviors and
proposed
mechanisms of
retention of
specifically and
non-specifically
adsorbed anions
and cations.
Explain the
consequences of
anion repulsion
from soil particles

One or two graded
quizzes aligned to
Objectives of
Module 3 (mainly
recall of facts).
One graded
scientific paper
reading
assignment and
a not graded oral
presentation and
discussion of this
paper by the third
group of students.
Two graded
discussions in
Canvas aligned to
Objectives of
Module 3.
Graded exam
aligned to
Objectives of
Module 3 (mainly
application of
knowledge).

Questions
and More
(Exam)

Zoom meeting
with entire class
at the end of
each week to
discuss
problems and
questions.

Lecture
(Exam and
Quizzes)

Recorded voice
over slides
videos
2-6 videos per
week with 10-20
min lengths.

Interactive
discussion
of assigned
problems
(Discussion)

Introduced and
explained in
zoom meeting.

Reading
assignment
presented to
the class

Zoom meeting
with the entire
class and oral
presentation of

Discussion
takes place in
Canvas.

Harris et al. 1996.
Phosphorus
Retention as
Related to

Module 4 Redox
process and
organic
matter
dynamics in
soil
(Week 13-15,
Day 37-44)

on the movement
of anions.
Compare and
contrast common
adsorption
isotherms as they
apply to retention of
solutes.
Balance chemical
equations of redox
reactions involving
soil and related
materials.

(Scientific
paper
reading
assessment)

one assigned
group.

Describe the
processes, which
limit the range of
observed Eh values
in soils.

Questions
and More
(Exam)

Zoom meeting
with entire class
at the end of
each week to
discuss
problems and
questions.

Lecture
(Exam,
Quizzes)

Recorded voice
over slides
videos.

Use Eho values to
predict the direction
and products of
redox reactions.
Describe input and
transformation of
organic matter in
soil.
Understand
relationship
between
composition,
reactivity, and
function of soil
organic compounds
Assessment of
methods for their
suitability in
separating
ecological
meaningful soil
organic matter
fractions.
Predict the
mechanisms of
retention of organic
compounds by soil
materials.
Describe the
impact of land use
and management
on soil organic
matter

One or two graded
quizzes aligned to
Objectives of
Module 4 (mainly
recall of facts).
Graded review
paper writing
assignment. The
graduate students
can choose one
topic out of five
that combine
course contents
and applied soil
chemical
problems.
Graded exam
aligned to
Objectives of
Module 4 (mainly
application of
knowledge).

One assignment
per module.

Morphology of
Sandy Coastal
Plain Soil
Materials. SSSAJ
60, 1513-1521

2-6 videos per
week with 10-20
min lengths
(except week
16: finals).

Review
paper
assignment
(Review
paper
assessment)

Class
closing and
Reflection/
Survey
assignment
(Extra
Credit)

Zoom meeting
with graduate
students.
Introduction of
topics, rubric,
and
expectations.
Zoom meeting
to discuss
strengths and
weaknesses of
the class. Intro
into the class
survey.

COURSE POLICY
1) Disability Policy - Students with disabilities are encouraged to contact the instructor for
a confidential discussion of their individual needs for academic accommodation. It is
the policy of the University of Nebraska-Lincoln to provide flexible and individualized
accommodation to students with documented disabilities that may affect their ability to
fully participate in course activities or to meet course requirements. To receive
accommodation services, students must be registered with the Services for Students

with Disabilities (SSD) office, 132 Canfield Administration, 472-3787 voice or TTY.
2) Academic Integrity Policy - See UNL Student Code of Conduct at
http://stuafs.unl.edu/dos/code (verified 12/21/2016) and Department of Agronomy and
Horticulture academic integrity policy at http://agronomy.unl.edu/documents/AGROHORT%20academic%20integrity%20policy%209-25-2013.pdf (verified 12/16/2016)
3) Interactive Discussion and Netiquette - Please keep in mind that the aim of a
scientific discussion is not victory but progress (Karl Propper). Please read and
follow the Ground rules for Online Discussion, which will help to establish a discussion
environment that ensures the maximum outcome for all of us.
4) Late fee for e-mail in assignments (reading and review paper assignments) no later
than the end of the day on the due date. Highest possible scores will be lowered by
10% for each day late (i.e., 90%, 80%) unless an extension is arranged in advance.
For more than three days late no credit will be given.
5) Public holidays and Spring break - No activities, assignments and assessments.

